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 The broad band spectra seen by Fermi does

not fit into any of the frameworks of existing
models.

* Fermi results forces us to re-think of questions
that were thought to be solved.




 What we (thought we) know before Fermi ?

 What are the basic questions ?

 What we (don’t) know now ?




Observed Flux: ~107 - 10% erg cm? st

Duration: few s
Typical observed energy:

Spectrum:

GRB 990123

BATSE SDO
BATSE SD1
BATSE LADO
o BATSE S04
= OSSE
. COMPTEL Telescope
«  COMPIEL Burst Mode
EGRET TASC

Flux (photons-cm = s T MeV )

E*N, (erg-em=-s7")

Photon Energy (MeV) 100 MeV
Rrinn

gs et al. 1999

Redshift measurements -> G .

at cosmc;lzogicil distances Broken power law (4 free parameters)
2E;,~10°%-10% erg ! -- good fit to (narrow band) spectra




Transients; duration few seconds; no repetition
Cosmological

Energetic: ~10°2 - 10°* erg

Lightcurve: zoo; variable

Spectrum: non-thermal;
-- extends up to >GeV; peaks at sub-MeV

4+5: - large L.F., I'>~100

Afterglow

SNe connection (to some)




ePaczynski (1986); Goodman (1986); Rees & Meszaros (1992, 1994);

Fireball Model: long GRBs
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- : No quantitative explanation of obs. (Emission ?)

In qualitative agreement with all obs; Some parts are not explained at all (e.g., particle acc.)

Obtain AG as a prediction Some parts are ‘problematic’ (e.g., Internal shocks)

Pros:




Source of energy

l External Shock

o . . The Flow decelerating into
Kinetic energy (jet) the surouning mediom

Internal Shock

Dissipation

U}

Radiation

Fireball Model: long GRBs

What do we want to know ?2?

4. How are GRBs connected to
other objects ?

, , , ‘ Stellar evolution, star formation,
EN e 2. Jet launching mechanism; :
. . host galaxies, pop-Ill stars, SNe,

(GRB) - jet composition . : )

hysi Binaries, GW, cosmic rays, v's...
PNysIcs 3. Jet dynamics, dissipation '

& radiative processes 5. GRBs and basic physics:

Cosmology, Lorentz violation,...

1. Progenitor /Central engine




The basic questions

. Nature of the progenitor:
Collapsar ? Magnetar ? BH-BH / BH-NS / NS-NS Merger ?

Jet l[aunching mechanism:
photons ? magnetic (Blandford-Znajek) ? Neutrino heating ?

. Why relativistic speeds ?  I'grg >~100, I'y\ <~30
. Jet composition: Leptonic ? Hadronic ? Poynting — flux dominated ?
. Dissipation mechanism: efficiency problem in internal shocks

. Radiative processes: understanding the broad band spectrum
-> particle acceleration




The basic questions

. Nature of the progenitor:
Collapsar ? Magnetar ? BH-BH / BH-NS / NS-NS Merger ?

Jet l[aunching mechanism:
photons ? magnetic (Blandford-Znajek) ? Neutrino heating ?

. Why relativistic speeds ?  I'grg >~100, I'y\ <~30
composition: Leptonic ? Hadronic ? Poynting — flux dominated ?
. Dispipation mechanism: efficiency problém in internal shocks

. Rgdiative processes: understandtmg-thre-broad band spectrum
f particle Welerat‘ion

e see photons | Have to deduce all the rest




What did Fermi tell us

514 GBM GRBs ST
18 LAT GRBs

In Field—of—view of LAT (264)

Out of Field—of—view of LAT (250)

The GBM detects ~250 GRBs/year (~540 total)

~18 % short

~50% in the LAT FoV

The LAT detects ~10 GRBs/year: 20 total as of today

? (1)

<~10% of GRBs
are detected by LAT

See Preece & Omodei talks




"Typical" Prompt GRB Spectrum
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. Since 2000, no coverage of the spectral peak;
IT. >MeV data became available




1 High energy photons ~30 GeV = High I" ~ 1000

See Hascoet’s talk

2 Delayed onset of high energy emission

@ Long-lived high-energy emission

3 Spectrum:
Multiple distinct emission components + cut-offs
Photospheric emission revealed in prompt spectra

See Preece & Omodei talks




Delayed onset of the high energy emission

GRB 090510 (short) GRB 080916C (long)
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Delay: ~0.5s Delay: ~5s

(Credit : Fermi collaboration)
Many GRBs show a delayed onset!




090902B (Abdo+09) 080916C(Abdo+09)
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Rate (counts s~ keV™")
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BATSE data:
Laneko+06

Nava+11

(picture taken
from Ghisellini)

(Preece98);

see Preece & Nava’s talks




BATSE data: , Nava+11

Kaneko+06
(picture taken

from Ghisellini)
sistent with

(but see Daigne+10)

see Preece & Nava’s talks




090902B:
(multi-color) black body (Ryde+10)

Times: 11.008- 11.392 &

!

time resolved (Zhang+11)
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1. Theoretically expected.
2. Clearly identified

BUT
1. Can explain only part: of the spectrum

{[B0-30 (Band-PL)
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2. Fairly rare



ldea: a heating mechanism below
the photosphere modifies the Planck spectrum

Internal shocks

(AP, Meszaros, Rees 06,
Toma+10, Iokal0)

Magnetic reconnection
(Giannions 06, 08)

Weak / oblique shocks
(Lazzati, Morsonoi & Begelman 11)

Collisional dissipation
(Beloborodov 10,

Vurm, Beloborodov & Poutanen 11)
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(picture taken from Vurm
[Emission from the photosphere is NOT seen as Planc)a

A lot of on-going research, .




Geometrical broadening: ‘photosphere’ is NOT
a single radius, but is 3-d
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AP 08; AP & Ryde 11 Lundman + (in prep.)

Limb darkening' in relativistically expanding plasma;
Emission from the photosphere is NOI seen as Planck !
A lot of on-going research .
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Hadronic cascade (Razzaque+09,

Asano+ 10, Dermer & Razzaque 10
Meszaros & Rees 11)

see Asano’s talks



090510(Abdo+09); Short ! Lightcurve of LAT photons
Ghirlanda+10
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*External shock origin Kumar & Barniol-duran 09, 10,
Ghirlanda+10, Ghisellini+10

eUpscattered ‘cocoon’ photons Toma+09

*Opacity / acceleration mechanism change Zhang+11



080916C(Abdo+09)
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Need a refine data analysis:
‘hidden’ component - ?

Need a refine theory;
Origin of emission mechanism —
Still unclear!

Evidence for magnetized outflow ?

Zhang & AP 09




080916C(Abdo+09)

v F, [keVicm®/s]

Zhang & AP 09
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Zhang & Yan 11:
‘Internal-collision-induced Magnetic Reconnection and Turbulence® ICMART) model

Renewed interest in magnetized outflows
Connects to a wealth of jet acceleration models
e.g., Tchekhovskoy+09, Metzger+10, Komissarov+10, ..




The basic questions

. Nature of the progenitor:
Collapsar ? Magnetar ? BH-BH / BH-NS / NS-NS Merger ?

Jet l[aunching mechanism:
photons ? magnetic (Blandford-Znajek) ? Neutrino heating ?

. Why relativistic speeds ?  I'grg >~100, I'y\ <~30
. Jet composition: Leptonic ? Hadronic ? Poynting — flux dominated ?
. Dissipation mechanism: efficiency problem in internal shocks

. Radiative processes: understanding the broad band spectrum
-> particle acceleration




The basic questions

. Nature of the progenitor:

Jet l[aunching mechanism:

. Why relativistic speeds ?

. Jet composition:

. Dissipation mechanism:

. Radiative processes:
-> particle acceleration

Continuous works; further constraints by higher I'

Continuous works;

Still unclear

Still unclear; many possibilities

constraints by lack of LAT detection




 The broad band spectra seen by Fermi does

not fit into any of the frameworks of existing
models.

* Fermi results forces us to re-think of questions
that were thought to be solved.

Asaf Pe'er, May 2011 Special thanks to Felix Ryde and Bing Zhang
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Times: 11.008 - 11.392 s
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"Typical" Prompt GRB Spectrum
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I. Since 2000, no coverage of the spectral peak;
IT. >MeV data became available




